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(54) Link setup, which allows several modulation formats 



(57) To perform communication at a higher speed 
than in the past using a new communication device with- 
out giving influence on the existing slave communication 
device, on a master device of a communication system 
such as PHS, there are provided two series of modula- 
tors and demodulators for conventional speed and lor 
higher speed, the two different speeds being changea- 
ble by a changeover switch. A slave device to be added 
newly is also designed in almost the same configuration. 
In the link setup phase, an information to request 
change of modulation method is notified together with a 
request of communication from the slave device to the 
master device. From the master device, an information 



to specify time slots to be used in the communication 
phase and an information to specify modulation method 
are notified to the slave device. In the communication 
phase, communication is performed using the modula- 
tion method and the time slots as specified. The slave 
device can select the modulation method corresponding 
to the transmitting speed as required. In case the mod- 
ulation method is not specified from the slave device, 
the same modulation method as that of the link setup 
phase is used in the communication phase, and the ex- 
isting slave device not equipped with the means to spec- 
ify the modulation method can be used without any 
change. 
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Description 

The present invention relates to a method of com- 
munication for transmitting digital information in time di- 
vision multiplex frame to perform one-to-multiple digital 
communication, and in particular, to a method of com- 
munication, which is used in mobile wireless communi- 
cation system such as personal handyphone system 
(PHS) or in local area network (LAN), in which modula- 
tion method can be selected. 

The present invention also relates to a data trans- 
mission method and a data communication system for 
data transmission to transmit digital information on time 
division multiplex frame, and in particular, to a commu- 
nication system, by which information can be transmit- 
ted at high speed when necessary. 

As communication system for performing one-to- 
multiple digital communication, there are mobile wire- 
less communication system such as portable telephone 
or wire communication system such as LAN. Descrip- 
tion is given now on examples of conventional type com- 
munication method referring to Fig. 4 and Figs. 11 to 1 3. 
As system configuration, there are one master device 
and a plurality of slave devices. A transmission frame in 
the direction to transmit from the master device to the 
slave device is called here a downward transmission 
frame, and a transmission frame in reverse direction is 
called an upward transmission frame. The upward and 
the downward frames use different carrier frequencies. 

Fig. 4 shows a configuration of a transmission 
frame. The transmission frame is in 2.5 ms cycle in both 
upward and downward transmissions and comprises 4 
time slots. 

Transmission capacity of one time slot is for 50 sym- 
bols in the downward frame and 40 symbols in the up- 
ward frame. Ten symbols of the upward transmission 
frame are for guide time to absorb propagation delay. 
Because QPSK (quadrature phase shift keying) capable 
to transmit 2 bits per symbol Is used as modulation 
method in this transmission, transmission of 40 kb/s in 
downward transmission and 32 kb/s in upward transmis- 
sion can be transmitted for one time slot. 

Fig. 1 1 shows a configuration of a conventional type 
master device. Reference numeral 701 represents a da- 
ta processing unit to exchange transmitting and receiv- 
ing data and to allocate time slots. Reference numeral 

702 represents a frame generating unit to assemble the 
downward frame using base band. Reference numeral 

703 represents a QPSK modulator and 704 a transmis- 
sion antenna. Numeral 705 represents a receiving an- 
tenna, and 706 a QPSK denrKxiu later. Numeral 707 rep- 
resents a frame disassembling unit, which is in charge 
of frame synchronizing of the upward frame and divides 
the data to each time slot and delivers the data to the 
data processing unit 701 . 

Fig. 1 2 shows a configuration of a conventional type 
slave device. Reference numeral 801 represents a re- 
ceiving antenna, and 802 represents a QPSK demodu- 



lator Numeral 803 represents a frame disassembling 
unit, which is in charge of frame synchronizing of the 
downward frame and divides the data for each time slot 
and delivers the data to a data processing unit 804. The - 
5 data processing unit 804 picks up only the data of time 
slot directed to it and outputs it, and further generates 
information for starting communication and inputs com- 
munication data and delivers the data to a time slot gen- 
erator 805. The time slot generator 805 outputs a base 
TO band signal at time slot liming, at which transmission of 
the data from the data processing unit 804 is allowed. 
Reference numeral 806 represents a QPSK modulator, 
and 807 represents a transmitting antenna. 

Next, description will be given on operation of this 
15 conventional example. Fig. 1 3 shows an outline of the 
operation. Communication is performed in two phases: 
a link setup phase and a communication phase. In the 
link setup phase, each of the master device and one 
slave device uses a time slot TSO exclusively used for 
20 link setup and commonly possessed by the slave devic- 
es to request starting of communication or exchange in- 
formation such as time slot numbers used In actual com- 
munication. In the subsequent communication phase, 
communication is performed with the time slot specified 
25 in the link setup phase. Fig. 1 3 shows an example where 
TS2 is specified. In the conventional communication 
method, communication is preformed in this manner. 

Fig. 1 4 shows a configuration of a conventtonal type 
communication system. In Fig 14, the conventional 
30 communication system comprises a center device 50 
and a plurality of terminal devices 51 to 53. ' 

Fig. 1 5 shows a configuration of a conventional type 
center device. The conventional type center device 
comprises a data processing unit 601 for exchanging 
3S data to be transmitted or received and for inputting or 
outputting data, control information, etc., a frame gen- 
erating unit 602 for assembling a downward frame with 
base band according to the information from the data 
processing unit 601 , a QPSK modulator 603, a transmit- 
40 ting antenna 604, a receiving antenna 605, a QPSK de- 
modulator 606, and a frame disassembling unit 607 for 
performing frame synchronizing of an upward frame, 
picking up various types of information from the frame 
and delivering the data to the data processing unit 601 . 
45 Fig. 1 6 shows a configuration of a conventranal type 
terminal device. The conventional type terminal device 
comprises a receiving antenna 901 , a QPSK demodu- 
lator 902, a frame disassembling unit 903 for performing 
frame synchronizing of a downward frame, dividing var- 
so ious types of information in the frame, and delivering the 
data to the data processing unit 904, a data processing 
unit 904 for picking up and outputting only communica- 
tion information directed to own station, generating an 
information to start communication, inputting communi- 
^ cation data and delivering the data to a frame generating 
unit 905, a frame generating unit 905 for assembling an 
upward frame with base band according to the informa- 
tion from the data processing unit 904, a QPSK modu- 
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lator 906, and a transmitting antenna 907. 

In the following, description will be given on conr»- 
munication from the center device to the lernninal devic- 
es 51 to 53. while description on communication in re- 
verse direction is not given here because the same ap- 
plies to the communication in reverse direction. 

Fig. 1 7 shows a configuration of a data transmission 
method for transmitting data from the center device 50 
to each of the terminal devices 51 to 53. In Fig. 17, the 
frame comprises a common unit 81 , which contains a 
frame synchronizing pattern 82 and a control unit 83 and 
to be received by all terminal devices, and an informa- 
tion unit 84 to be received only by a specific terminal 
device. This frame is transmitted by 7i/4 shift QPSK. 

Each of the terminal devices performs symbol syn- 
chronizing and frame synchronizing using the synchro- 
nizing pattern 82. Then, after having seen the content 
of the control unit 83, it is judged whether the information 
unit 84 is directed to itself or not. Accordingly, the center 
device can send inforrriation to any of the terminal de- 
vices if the terminal device to communicate is specified 
to the control unit 83. 

However, the first-mentioned conventional commu- 
nication method as described above is disadvanta- 
geous in that communication speed is constant, and it 
is not possible to provide transmission service at higher 
speed. To increase communication speed, it is neces- 
sary to change to a transmission mode at higher trans- 
mission speed, and all of the master device and the 
slave devices must be renewed. However, this requires 
much cost and results in waste of money because a 
slave device usable at lower transmitting speed also 
must be renewed to a device with higher transmitting 
speed. 

In addition, in the second-mentioned conventional 
type data transmission method as described above, it is 
disadvantageous in that the speed of the information 
unit is constant and high-speed data transmission can- 
not be carried out. Also, to provide a new communica- 
tion system for high-speed transmission, higher cost is 
required. 

To solve the above first-mentioned problems of the 
conventional method. It is a first object of the present 
invention to provide a method of communication for pro- 
viding high-speed transmission service by simply re- 
newing only the master device and the slave devices, 
which are used for high-speed communication. 

To solve the above second-mentioned problems, it 
is a second object of the present invention to provide a 
data transmission method and a data communication 
system, by which it is possible to transmit information at 
high speed when necessary. 

To attain the first object, the communication method 
according to the present invention is characterized in 
that a modulation method to be used is specified in the 
link setup phase in addition to a free or empty time slot 
number and communication is carried out by this rrKxi- 
ulation method In the communication phase. If the nrKxl- 
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ulation method is not specified, communication is car- 
ried out in the communication phase by the same mod- 
ulation method as in the link setup phase. 

Therefore, It Is possible according to the present in-- 

s vention to provide transmission service at higher speed 
than in conventional system if a communication method 
capable to provide transmission at higher speed than 
the modulation method used in the link setup phase is 
specified in the communication phase because the 

10 slave devices not requiring high speed transmission can 
be used without any change, and no surplus cost is re- 
quired. 

To attain the above second object, according to the 
present Invention, a modulation method of a communi- 

^5 cation information unit in the frame is turned to a mod- 
ulation method having higher number of transmittable 
bits per unit time than the common unit when information 
is to be transmitted at high speed. Specifically, in case 
high-speed transmission is performed, the center de- 

20 vice nolilies the terminal device concerned that high- 
speed transmission is started from now on by the con- 
ventional modulation method using the communication 
Information unit of the frame, and the terminal device to 
receive the frame demodulates the communication in- 

^5 formation unit depending upon the information using a 
demodulation unit corresponding the modulation meth- 
od for high-speed transmission. As a result, it Is possible 
to receive the Information at higher speed. 

In a conventional type terminal device not provided 

30 with the function to receive information at high speed, 
the common unit is transmitted by the conventional 
modulation method, and it is possible to maintain frame 
. synchronizing and to receive the common unit. In this 
case, in the conventional type terminal device, the de- 

35 modulation result of the communication infornriation unit 
is indefinite in case of high-speed transmission, but 
there is no problem because no high-speed transmis- 
sion is performed to the conventional type terminal de- 
vice, which is not provided with a receiving means for 

"to receiving information at high speed. 

The present invention provides a communication 
method for performing one-to-multiple digital communi- 
cation between a master device and a plurality of slave 
devices, using a downward transmission frame to trans- 

45 mit from the master device to the slave device and an 
upward transmission frame to transmit from the slave 
device to the master device, at least one of the down- 
ward and upward transmission frames has a plurality of 
time slots, whereby, in a link setup phase at the start of 

50 communication, an information to specify time slot to be 
used in a communication phase is transmitted using one 
time slot each of the upward transmission frame and the 
downward transmission frame modulated by a first mod- 
ulation method, and in case high-speed communication 

S5 is performed, an information to specify a second modu- 
lation method to provide transmission at higher speed 
than the first modulation method Is transmitted, and In 
case high-speed communication Is not performed, an 
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information to specify the same second modulation 
method as the first modulation method is transmitted, or 
the information to specify the second modulation meth- 
od is not transmitted, and in the subsequent communi- 
cation phase, communication is performed using the s 
time slot specified in the link setup phase and by the 
second modulation method, and. in case there is no in- 
formation to specify the second modulation method, 
communication is performed using the first modulation 
method, and a modulation method to provide high- 
speed communication can be selected. 

The present invention also provides a communica- 
tion method, wherein carrier frequency of a transmission 
frame using the second modulation method used in the 
communication phase is different from carrier frequency 
of the transmission frame used in the link setup phase, 
number of the time slots can be increased, and an ex- 
clusive carrier frequency can be used in the communi- 
cation phase of high-speed transmission. 

The present invention also provides a communica- 
tion method, wherein multivalued number of modulation 
of the second modulation method is higher than the mul- 
tivalued number of modulation of the first modulation 
method, and a multivalued modulation method at higher 
speed can be selected. 

The present invention provides a communication 
method, wherein a symbol rate of the second modula- 
tion method is higher than a symbol rale of the first mod- 
ulation method, and a modulation method with symbol 
rate of higher speed can be selected. 

The present invention provides a master device tor 
performing communication using the communication 
method, wherein said master device comprises a data 
processing unit for exchanging data to be transmitted or 
received and for albtting time slots, a frame generating 
unit for inputting transmission data from the data 
processing unit and for assembling a downward frame 
with base band, a plurality of modulators having different 
modulation methods, a first changeover switch for con- 
necting the frame generating unit to one of a plurality of 
modulators, a transmission interface means leading to 
a transmission line, a second changeover switch tor 
connecting the modulator connected to the first change- 
over switch of the transmission interface means, a re- 
ceiving interface means for receiving data from the 
transmission line, a plurality of demodulators for demod- 
ulating signals with different modulating methods, a 
frame disassembling unit for performing frame synchro- 
nizing of the upward frame, dividing the data to each 
time slot and delivering the data to the data processing 
unit, and a third changeover switch for connecting one 
of a plurality of demodulators to the frame disassem- 
bling unit, whereby communication can be carried out 
by switching over to the modulators and the demodula- 
tors capable to perform high-speed communication. 

The present invention provides a slave device for 
performing communication by the communication meth- 
od, wherein the slave device comprises a data process- 



ing unit for picking up only data of the time slot directed 
to own station from received signal and for outputting 
the data, and for inputting transmission data and deliv- 
ering the data to a time slot generator, a time slot gen- 
erator for outputting a transmission data base band sig- 
nal from the data processing unit to a time slot, in which 
transmission is allowed, a plurality of modulators having 
different modulation methods, a first changeover switch 
for connecting the time slot generatortoone of a plurality 
of modulators, a transmission interface means for trans- 
mitting to a transmission line, a second changeover 
switch for connecting the modulator connected to the 
first changeover switch to the transmission interface 
means, a receiving interface means for receiving data 
from a transmission line, a plurality of demodulators for 
demodulating signals having different modulation meth- 
ods, a frame disassembling unit for performing frame 
synchronizing of a downward frame, dividing the re- 
ceived data to each time slot and delivering the data to 
the data processing unit, and a third changeover switch 
for connecting one of a plurality of demodulators to the 
frame disassembling unit, whereby communication can 
be carried out by switching over to the modulators and 
the demodulators capable to provide high-speed com- 
munication. 

The invention is characterized in that, in the com- 
munication of a center device and a plurality of terminal 
devices, data transmission from the center device to the 
terminal device is performed by a frame at a given cycle, 
the frame comprises a common unit to be received by 
all terminal devices and an individual unit to be received 
by a part of the terminal devices, the common unit is to 
be transmitted by a first modulation method and the in- 
dividual unit is transmitted by a second modulation 
method having higher number of transmittable bits per 
unit than the first modulation method, and the invention 
has such an effect that information can be transmitted 
at higher speed than the conventional data transmission 
method. 

The present invention provides a data transmission 
method, wherein the first modulation method is n/4 shift 
QPSK and the second modulation method is 16 QAM, 
and the invention has such an effect that information can 
be transmitted at higher speed than the conventional 
type data transmission method. 

The present invention provides a data transmission 
method, wherein the first modulation method is n/4 shift 
QPSK and the second modulation method is 8 PSK, and 
the invention has such an effect that information can be 
transmitted at higher speed than the conventional type 
data transmission method as in the case of the invention 
according to the above. 

The present invention provides a data transmission 
method, wherein a symbol rate of the second modula- 
tion method is made equal to a symbol rate of the first 
modulation method. By making the symbol rate of the 
second modulation method equal to that of the first mod- 
ulation method, it is easier to maintain symbol synchro- 
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nlzing even in a conventional type terminal device and 
the required frequency range can be maintained as in 
the past. 

The present invention provides a data transmission 
method, wherein the first modulation method is tUA shift s 
QPSK and the second modulation method is 16 QAM. 
In addition to the effect provided by the invention, it has 
such an effect that information can be transmitted at 
higher speed than the conventional data transmission 
method. 

The present invention provides a data transmission 
method, wherein the first modulation method is 7c/4 shift 
QPSK and the second modulation method is 8 PS K. In 
addition to the effect provided by the invention, it has 
such an effect that information can be transmitted at 
higher speed than the conventional data transmission 
method. 

The present Invention provides a data communica- 
tion system between a center device and a plurality of 
terminal devices, whereby the center device provides a 20 
frame at a given cycle, the frame comprises a common 
unit to be received by all terminal devices and an Indi- 
vidual unit to be received by a part of the terminal de- 
vices so that the data can be transmitted from the center 
device to the terminal devices, the common unit is mod- 25 
ulated by a first modulation method, the Individual unit 
Is modulated by a second modulation method having 
higher number of transmittable bits per unit time than 
the first modulation method, while, in a part of the ter- 
minal devices as described above, the common unit is 30 
demodulated by a first demodulation method corre- 
sponding to the first modulation method, and the indi- 
vidual unit is demodulated by a second demodulation 
method corresponding to the second modulation meth- 
od. It has such an effect to transmit information at higher 55 
speed than the conventional data transmission method. 

The present invention provides a center device in a 
data communication system between a center device 
and a plurality of terminal devices, whereby the center 
device at least comprises a frame forming means for 40 
forming a frame at a given cycle, the frame comprises 
a common unit to be received by all of the terminal de- 
vices and an individual unit to be received by a part of 
the terminal devices so that data can be transmitted 
from the center device to the terminal devices, a first 45 
modulation means for modulating the common unit by 
a first modulation method, and a second modulation 
means for modulating the individual unit by a second 
modulation method having higher number of transmitta- 
ble bits per unit time than the first modulation method, so 
By providing such a center device, the invention has an 
effect that Information can be transmitted at higher 
speed than the conventional data transmission method. 

The present invention provides a data communica- 
tion system for performing data transmission from a ss 
center device to a plurality of terminal devices, the cent- 
er device forms a frame at a given cycle, the frame com- 
prises a common unit to be received by all terminal de- 
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vices and an individual unit to be received by a part of 
the terminal devices at a given cycle, the common unit 
is modulated by a first modulation method, and the in- 
dividual unit is modulated by a second modulation meth- - 
od having higher number of transmittable bits per unit 
time than the first modulation method, whereby a termi- 
nal device in a part of the terminal devices as described 
above at least comprises a first demodulation means for 
demodulating the common unit by a first demodulation 
method corresponding to the first modulation method, 
and a second demodulation means for demodulating 
the individual unit by a second demodulation method 
corresponding to the second modulation method. By 
providing such a terminal device, the invention has such 
an effect that information can be transmitted at higher 
speed than the conventional data transmission method. 

These and other objects and features of the present 
invention will become more readily apparent from the 
following detailed description taken in conjunction with 
the accompanying drawings in which: 

Fig. 1 shows a block diagram of a master device in 

a first embodiment of the present invention; 

Fig. 2 shows a block diagram of a slave device in 

the first embodiment of the Invention; 

Fig. 3 Is to explain operation of the first embodiment 

of the present Invention; 

Fig. 4 is a block diagrarn of a transmission frame; 
Fig. 5 is to explain operation of a second embodi- 
ment of the present invention; 
Fig. 6 Is to explain operation of a third embodiment 
of the present invention; 

Fig. 7 shows a configuration of a frame in an em- 
bodiment of the present invention; 
Fig. 8 shows a configuration of a communication 
system using a data transmission method of the 
present invention; 

Fig. 9 shows a configuration of a center device in 

the embodiment of the present invention; 

Fig. 10 shows a configuration of a terminal device 

in the embodiment of the present invention; 

Fig. 11 is a block diagram of a master device in a 

conventional example; 

Fig. 12 is a block diagram of a slave device in the 
conventional example; 

Fig. 13 is to explain operation in the conventional 
example. 

Fig. 1 4 shows a configuration of a conventronal type 
communication system; 

Fig. 15 shows a configuration of a center device in 
a conventional type communication system; 
Fig. 16 shows a configuration of a terminal device 
in the conventional type communication system; 
and 

Fig. 1 7 shows a configuration of a conventional type 
frame. 

In the following, detailed description will be given 
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on embodiments of the communication method accord- 
ing to the present invention reterring to Figs. 1 to 6. 

(1st Embodiment) 

A first embodiment of the present invention is a 
communication method, in which an information to 
specify a modulation method to be used in a communi- 
cation phase is notified in a link setup phase. 

The communication method of the first embodiment 
of the present invention will be described referring to 
Figs. 1 to 4. Fig. 1 represents a configuration of a master 
device of the first embodiment of the present invention. 
Reference numeral 101 represents a data processing 
unit for exchanging data to be transmitted or received 
and for allotting time slots. Reference numeral 102 rep- 
resents a frame generating unit for assembling a down- 
ward frame using base band. Numeral 103 represents 
a changeover switch, 104 a 16 QAM modulator, 105 a 
QPSK modulator, 106 a changeover switch, and 107 a 
transmitting antenna. Numeral 108 represents a receiv- 
ing antenna, 109 a 16 QAM demodulator, 110 a QPSK 
demodulator, and 111 a changeover switch. Numeral 
112 represents a frame disassembling unit, which per- 
forms frame synchronizing of an upward frame, divides 
the data to time slots, and delivers the data to the data 
processing unit 101. 

Fig. 2 shows a configuration of a stave device in the 
first embodiment of the present invention. Reference 
numeral 201 represents a receiving antenna, 202 a 16 
QAM demodulator, 203 a QPSK demodulator, and 204 
a changeover switch. Reference numeral 205 repre- 
sents a frame disassembling unit, which performs frame 
synchronizing of the downward frame, divides the data 
to each time slot, and delivers the data to the data 
processing unit 206. The data processing unit 206 picks 
up only the data of the time slot directed to it and outputs 
the data, and further generates an information to start 
communication, inputs communication data and deliv- 
ers the data to the time slot generator 207. The time slot 
generator 208 outputs a base band signal at time slot 
timing, at which transmission of the data from the data 
processing unit 206 is allowed. Reference numerals 208 
and 21 1 each represents a changeover switch, 209 a 1 6 
QAM demodulator. 210 a QPSK modulator and 212 a 
transmitting antenna. As initial status, each changeover 
switch selects QPSK side. 

Fig. 3 shows operation of the communication meth- 
od of the first embodiment of the present invention. The 
configuration of the transmission frame is the same as 
the conventional example shown in Fig. 4, but the time 
slots can be transnlitted not only on QPSK but also on 
16 QAM with the same symbol rate independently from 
each other. On 16 QAM, 4 bits can be transmitted per 
symbol. When transmitting on 16 QAM, the data can be 
transmitted at a rate of 80 kb/s per time slot in downward 
transmission and at 64 kb/s in upward transmission. 

At the start of the communication, link must be set 



up at first, and time slot O (TSO) is allotted exclusively 
for this purpose. When a slave device such as PHS mo- 
bite station attempts to start communication, communi- 
cation request and modulation method change request - 
s are transmitted on modulation method QPSK using TSO 
of the upward transmission frame. A master device such 
as PHS base station receives it and communicates an 
empty time slot number ''TS2' and a modulation method 
"16QAM' using TSO of the downward transmission 
frame. In case, it is decided to use 16 QAM as modulation 
method, communication of 16 QAM is subsequently per- 
formed using TS2. When it Is changed from the link set- 
up phase to the communication phase, the slave device 
switches the modulation circuit and the demodulation 
circuit to the circuit of 16 QAM. The master device 
switches the modulation circuit and the demodulation 
circuit for each time slot. 

In case the other slave device did not transmit re- 
quest of the modulatran method at first, QPSK is auto- 
matically selected. If the master device allots TS1 for 
communication, TSO and TS1 are used on QPSK and 
TS2 is used on 16 QAM as a whole. 

As described above, according to the communica- 
tion method of a first embodiment of the present inven- 
tion, an information to specify modulation method to be 
used in the communication phase Is notified in the link 
setup phase. Accordingly, it is possible to select modu- 
lation method depending upon the request from the 
slave device, and high-speed transmission service can 
be provided. If the present invention is adopted In the 
existing system, high-speed service can be carried out 
without changing the existing slave device. Communi- 
cation can be carried out by a new system even when 
the existing slave device Is not equipped with demodu- 
lation function on 16 QAM, and this is because there is 
no need for the existing slave device to receive the time 
slot modulated by 16 QAM. 

In the first embodiment as described above, the 
modulation method at high-speed service was set on 16 
QAM. while modulation method such as multivalued 64 
QAM or 256 QAM may be used. Also, three or more 
modulation methods may be used. If there is no need to 
pedorm high-speed communication, the modulation 
method may not be specified, or the same modulation 
method as in the link setup phase may be specified. 

The present invention can also be applied when on- 
ly one of the upward transmission frame or the down- 
ward transmission frame is the transmission frame with 
a plurality of time slots. Also, either the upward trans- 
mission frame or the downward transmission frame can 
be modulated by high-speed modulation. 

(2nd Embodiment) 

A second embodiment of the present invention is a 
communication method, in which an information to 
specify modulation method to be used in the communi- 
cation phase is notified in the link setup phase, and com- 
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munication is carried out with transmission Irames hav- 
ing different carrier frequencies using different modula- 
tion methods. 

Fig. 5 shows operation of the communication meth- 
od of the second embodiment of the present invention. 
The configuration of the transmission frame is the same 
as in the conventional example shown in Fig. 4, but mod- 
ulation method and carrier frequency are different be- 
tween the link setup phase and the communication 
phase. The contigurations of the master device and the 
slave device are almost the same as those shown in Fig. 
1 and Fig. 2, while carrier frequencies of QPSK modu- 
lator and QPSK demodulator are FOD in downward 
transmission and FOU in upward transmission. Carrier 
frequencies of 16 QAM modulator and 16 QAM demod- 
ulator are F1 D in downward transmission and F1 U in 
upward transmission (these four frequencies are differ- 
ent from each other). 

When communication is started, link must be set up 
at first. Time slotO (TSO) of transmission frame of carrier 
frequencies FOD/U is exclusively allotted from this pur- 
pose. When a slave device such as PHS mobile station 
attempts to start communication, communication re- 
quest and modulation method change request are trans- 
mitted to TSO of upward transmission frame where mod- 
ulation method is QPSK at carrier frequency of FOU. A 
master device such as PHS base station receives the 
requests and notifies an empty time slot number "TS2". 
a modulation method "16 QAhA", and carrier frequency 
"F1 D/U" using TSO of the downward transmission frame 
with carrier frequency FOD. When the modulation meth- 
od and the carrier frequency are determined on 1 :1 ba- 
sis, there is no need to notify carrier frequency. If carrier 
frequency exclusively used for high-speed transmission 
is determined In advance, It will suffice to fix the modu- 
lation circuit and the demodulation circuit to the carrier 
frequency, and this makes it possible to simplify circuit 
configuration and control of transmission and receiving. 

In case 1 6 QAM is decided as the modulation meth- 
od, subsequent communication is carried out by 16 
QAM using transmission frame with carrier frequency 
F1 D/U. When it is changed from the link setup phase 
to the communication phase, the slave device switches 
over the modulation circuit and the demodulation circuit 
to a circuit where carrier frequency Is F1U/D and the 
modulation method is 16 QAM. The master device op- 
erates modulation/demodulation circuit exclusively 
used for each frequency. 

In case the slave device did not transmit the request 
to change the modulation method at first, QPSK with 
carrier frequency FO is automatically selected. 

As described above, according to the communica- 
tion method of the second embodiment of the present 
invention, an information to specify nxxiulation method 
and carrier frequency to be used in the communication 
phase is notified in the link setup phase. Accordingly, it 
is possible to select the modulation method and the car- 
rier frequency in response to the request from the slave 



device, and a plurality of carrier frequencies and modu- 
lation methods can be used. This makes it possible to 
increase the number of time slots and the number of 
channels, and high-speed transmission service can be - 
provided. If the present invention is adopted In the ex- 
isting system, high-speed service can be provided on a 
new device without changing the existing slave device, 
and service can be provided to more slave devices. 
In the second embodiment described above, mod- 
10 ulation nrx^de. at high-speed service was set to 1 6 QAM, 
while multivalued modulation method may be used. 
Modulation method may be determined for each carrier 
frequency or modulation method may be freely selected 
irrespective of carrier frequency and time slot. 

75 

(3rd Embodiment) 

A third embodiment of the present invention Is a 
communication method, in which an information to 

20 specify modulation method of high-speed symbol rale 
to be used in the communication phase is notified in the 
link setup phase. 

Fig. 6 shows operation of the communication meth- 
od of the third embodiment of the present invention. The 

25 configuration of the transmission frame is the same as 
the conventional example shown in Fig. 4, and time slots 
are designed in such manner that transmission can be 
provided at 16 QAM with double symbol rate. Therefore, 
when transmitting at 16 QAM at double symbol rate, the 

30 data can be transmitted at a rate of 80 kb/s in downward 
transmission and at 64 kb/s in upward transmission per 
time slot. The configurations of the master device and 
the slave devices are almost the same as those shown 
In Fig. 1 and Fig. 2, except that symbol rate of QPSK 

35 modulator and QPSK demodulator Is 20 k symbol/s per 
time slot, and symbol rate of 16 QAM modulator and 16 
QAM demodulator is 40 k symbol/s. 

At the start of the communication, link must be set 
up at first. Time slot 0 (TSO) is allotted exclusively for 

40 this purpose. When a slave device such as a PHS mo- 
bile station attempts to start communication, communi- 
cation request and modulation method change request 
are transmitted by modulation method QPSK using TSO 
of the upward transmission frame at first. A master de- 

45 vice such as a PHS base station receive the requests 
and notifies an empty time slot number -TS2", a modu- 
lation method specifying inforrtiatlon "16 QAM" and a 
symbol rate Information "40' using TSO of the downward 
transmission. In case modulation method and symbol 

50 rate match each other on 1 :1 basis, there is no need to 
notify symbol rate information. In case 16 QAM is deter- 
mined as the modulation method, subsequent commu- 
nication Is performed In 16 QAM at double symbol rate 
using TS2. When it is changed from the link setup phase 

55 to the communication phase, the slave device switches 
the modulation circuit and the demodulation circuit to a 
circuit of 16 QAM at double symbol rate. The master de- 
vice switches the modulation circuit and the demodula- 
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tion circuit for each time slot. 

In case the slave device did not transmit the request 
to change the modulation method at first. QPSK of the 
same symbol rate as the link setup phase is automati- 
cally selected as the modulation method. 

As described above, according to the communica- 
tion method of the third embodiment of the present in- 
vention, an information to specify the modulation meth- 
od having different symbol rate to be used in the com- 
munication phase is notified in the link setup phase. 
Therefore, the modulation method with higher symbol 
rate can be selected according to the request from the 
slave device, and high-speed transmission service can 
be provided. If the present invention is adopted in the 
existing system, high-speed communication service can 
be provided using a new device without changing the 
. existing slave device. 

In the third embodiment as described above, the 
symbol rate was set to double rate at the high-speed 
communication service, while symbol rate at higher 
speed may be selected. Or, symbol rate may be set to 
1/2, and high-speed communication may be provided 
using multivalued modulation method twice as high as 
QPSK. In case symbol rate is changed, carrier frequen- 
cy may be changed. 

In the first to the third embodiments as described 
above, examples were taken on a mobile wireless com- 
munication system such as PHS. while the invention can 
also be applied to wire communication system such as 
LAN, which uses coaxial cable or optical fiber cable as 
transmission media. In such cases, coaxial cable adapt- 
er or photoelectric converter may be used instead of 
transmitting antenna or receiving antenna as transmis- 
sion interface means or receiving interface means. The 
present invention can also be applied to a communica- 
tion system with wire upward transmission and wireless 
downward transmission (or vice versa). 

(4th Embodiment) 

Fig. 7 shows a configuration of a frame in a fourth 
embodiment of the present invention. In Fig. 7, the frame 
is designed in such manner that it is transmitted by nJA 
shift QPSK. and the frame comprises a common unit 1 
containing a frame synchronizing pattern 3 and a control 
unit 4 and to be received by all of the terminal devices 
and a communication information unit 2 to be transmit- 
ted by Ti/4 shift QPSK in normal transmission and by 1 6 
QAM in high-speed transmission and to be received on- 
ly by a specific terminal device. In both cases where the 
communication information unit 2 is transmitted by n/4 
shift QPSK or by 1 6 QAM, it is desirable that symbol rate 
is made equal to that of the common unit 1 . 

Fig. 8 shows a configuration of a communication 
system using the data transmission method of the 
present invention. In Fig. 8, the communication system 
using the data transmission method of the present In- 
vention comprises a center device 20, a plurality of con- 



ventional type terminal devices 21 and 22 with a n /4 
shift QPSK demodulator incorporated in it. and a termi- 
nal device 23 for high-speed transmission having a 16 
QAM demodulator in addition to the iiM shift QPSK de- - 

5 modulator. 

Fig. 9 shows a configuration of a center device 20 
in an embodiment of the present invention. The center 
device in the embodiment of the present invention com- 
prises a data processing unit 301 for exchanging data 

10 to be transmitted or received and for inputting and out- 
putting data or control information, a frame generating 
unit 302 for assembling a downward frame with base 
band according to the information from the data 
processing unit 301 , a first changeover switch 303, a 16 

?5 QAM modulator 304. a tt /4 QPSK modulator 305, a sec- 
ond changeover switch 306, a transmitting antenna 307, 
a receiving antenna 308, a 16 QAM demodulator 309, 
a n/4 shift QPSK demodulator 310, a third changeover 
switch 311 , and a frame disassembling unit 312 for per- 

20 forming frame synchronizing of the upward frame, pick- 
ing up various types of information from the frame and 
delivering the information to the data processing unit 
301. 

Fig. 10 shows a configuration of a terminal device 

25 in an embodiment of the present invention. The terminal 
device in the embodiment of the present invention com- 
prises a receiving antenna 410. a 16 QAM demodulator 
402, a 7i/4 shift QPSK demodulator 403: a first change- 
over switch 404. a frame disassembling unit 405 for per- 

30 forming frame synchronizing of a downward frame, di- 
viding various types of information in the frame, and de- 
livering the information to a data processing unit 406. a 
data processing unit 406 for picking up and outputting 
only communication information directed to own station, 

35 generating an information to start the communication, 
inputting a communication information and delivering 
the information to the frame generating unit 407, a frame 
generating unit 407 for assembling an upward frame 
with base band according to the information from the 

^0 data processing unit 406, a second changeover switch 
408. a 16 QAM modulator 409, a tUA shift QPSK mod- 
ulator 410, a third changeover switch 411 , and a trans- 
mitting antenna 412. 

Here, it is supposed that each changeover switch 

45 selects 7C/4 shift QPSK side as initial state. 

In the following, description will be given only to the 
communcation from the center device to the terminal 
devices 21 to 23, and description on the communication 
in reverse direction will not be given here because the 

50 same applies to the communication in reverse direction. 
The center device transmits data using the frame 
with only the n/4 shift QPSK to any of the terminal de- 
vices. Therefore, operation of the terminal device is the 
same as that of the conventional type example. Howev- 

55 er, in case high-speed transmission is to be performed 
to the terminal device 23, the center device 20 puts an 
information to start high-speed transmission from now 
on to a communication information unit 2 of the frame 
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directed to the terminal device 23. Upon receipt of the 
information, the terminal device 23 demodulates the 
common unit 1 by 

k/4 shift OPSK and demodulates the communication in- 
formation unit 2 by 16 QAM. 

In this case, this frame also reaches the convention- 
al type terminal devices 21 and 22. Because the com- 
mon unit 1 is modulated by k/4 shift QPSK as in the past, 
frame synchronizing is maintained and destination of 
the frame can be identified by the control unit 4. The 
result of demodulation of the communication informa- 
tion unit 2 is turned to indefinite, but there is no problem 
because no high-speed transmission is performed to the 
conventional type terminal device not provided with a 
receiving means for receiving information at high speed. 

In the frame configuration shown in Fig. 7, descrip- 
tion has been given on the case where the frame is 
transmitted by ji/4 shift QPSK and comprises a common 
unit 1 containing a frame synchronizing pattern 3 and a 
control unit 4 and to be received by all terminal devices 
and a communication information unit 2 to be transmit- 
ted by 7t/4 shift QPSK in normal transmission and by 16 
QAM in high-speed transmission and to be received on- 
ly by a specific terminal device. Although not shown in 
the figure: it may be designed in such manner that the 
frame is transmitted by 7t/4 shift QPSK and comprises 
a common unit containing a frame synchronizing pattern 
3 and a control unit 4 and to be received by all terminal 
devices, and a communication information unit 2 to be 
transmitted by tUA shift QPSK in normal transmission 
and by 8 PSK in high-speed transmission and to be re- 
ceived only by a specific terminal device. In this case, 
also, it Is desirable that symbol rate is made equal to 
that of the common unit 1 irrespective of whether nJA 
shift QPSK or 8 PSK is used in the communication in- 
formatbn unit 2. It is needless to say that the terminal 
device 23 shown in Fig. 8 is incorporated with a 8 PSK 
demodulator in addition to the 7i/4 shift QPSK demodu- 
lator 

As described above, it is possible according to the 
embodiment of the present invention to double the 
speed of the communication informatbn unit 2. Further, 
it Is possible to attain such an effect that symbol syn- 
chronizing can be easily maintained even in a conven- 
tional type terminal device because symbol rate is main- 
tained at a constant level in both 16 QAM transmission 
and 8 PSK transmission. 

As it is evident from the above embodiments, ac- 
cording to the present invention, the modulation method 
of time slots to be. used in the communication phase is 
determined in the link setup phase by the master device 
and the slave device. As a result, such superb effects 
can be attained that high-speed modulation method can 
be selected and high-speed transmission service can 
be provided. 

Further, according to the present invention, only the 
modulation method of time slot used by the slave device 
concerned Is changed. arKJ there Is no influence on com- 



munication of the other slave devices. Thus, this can be 
incorporated in the existing communication system and 
cost can be reduced. 

Further, according to the present invention, it is pos- 

s sible to perform high-speed transmission by increasing 
number of transmittable bits per unit time in a region of 
the frame to be received only by a specific terminal de- 
vice, i.e. by turning the information bit to multivalued bit. 
As a result, it is possible to attain such an effect that 

10 information c.an be transmitted at higher speed than in 
the conventional system in a manner interchangeable 
with an upper grade system. 

While the present invention have been described 
with refererrce to the preferred embodiments herein- 

15 above, various modifications and variations may be 
made without departing from the scope of the invention 
set forth hereinbelow. 



20 Claims 

1. A communication method for performing one-to- 
multiple digital communication between a master 
device and a plurality of slave devices, using a 

2S downward transmission frame to transmit from said 
master device to said slave device and an upward 
transmission frame to transmit from said slave de- 
vice to said master device, at least one of the down- 
ward and upward transmission frames has a plural- 

30 ity of time slots, whereby, in a link setup phase at 
the start of communication, an information to spec- 
ify time slot to be used in a communication phase 
is transmitted using one time slot each of said up- 
ward transmission frame and said downward trans- 

35 mission frame modulated by a first modulation 
method: and in case high-speed communication is 
performed, an information to specify a second mod- 
ulation method to provide transmission at higher 
speed than said first modulation method is transmit- 

"^0 ted, and in case high-speed communication is not 
performed, an information to specify the same sec- 
ond modulation method as said first modulation 
method is transmitted, or the information to specify 
the second modulation method is not transmitted. 

^5 and in the subsequent communication phase, com- 
munication is performed using the time slot speci- 
fied in said link setup phase and by said second 
nrxxjulation method, and. in case there is no infor- 
mation to specify said second modulation method, 

50 said first modulation method.can be selected. 

2. A communication method according to claim 1, 

wherein carrier frequency of a transmission frame 
using said second modulation method used in said 
55 communication phase is different from carrier fre- 

quency of the transmission frame used in said link 
setup phase. 
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3. A communication method according to claim 1 or 2. 
wherein multivalued number of modulation of said 
second modulation method is higher than multival- 
ued number of modulation of said first modulation 
method. 

4. A communication method according to claim 1 or 2, 
wherein a symbol rate of said second modulation 
method is higher than a symbol rate of said first 
modulation method. 

5. A master device for performing communication us- 
ing the communication method according to one of 
claims 1 to 4, wherein said master device comprises 
a data processing unit for exchanging data to be 
transmitted or received and for allotting time slots, 
a frame generating unit for inputting transmission 
data from said data processing unit and for assem- 
bling a downward frame with base band, a plurality 
of modulators having different modulation methods, 
a first changeover switch for connecting said frame 
generating unit to one of said plurality of modula- 
tors, a transmission interface means for transmit- 
ting to a transmission line, a second changeover 
switch for connecting the modulator connected to 
said first changeover switch to said transmission in- 
terface means, a receiving interface means for re- 
ceiving data from the transmission line, a plurality 
of demodulators for demodulating signals with dif- 
ferent modulation methods, a frame disassembling 
unit for performing frame synchronizing of the up- 
ward frame, for dividing the data to each time slot 
and for delivering the data to said data processing 
unit, and a third changeover switch for connecting 
one of said plurality of demodulators to said frame 
disassembling unit. 

6. A slave device for performing communication by the 
communication method according to one of claims 
1 to 4. comprising a data processing unit for picking 
up only data of the time slot directed to own station 
from received signal andforoutputtinglhe data, and 
for Inputting transmission data and for delivering the 
data to a time slot generator, a time slot generator 
for outputling a transmission data base band signal 
from said data processing unit to a time slot which 
allows transmission, a plurality of nnodulators hav- 
ing different modulation methods, a first changeo- 
ver switch for connecting said time slot generator to 
one of said plurality of modulators, a transmission 
interface means for transmitting the data to a trans- 
mission line, a second changeover switch for con- 
necting the modulator connected to said first 
changeover switch to said transmission Interface 
means, a receiving interface means for receiving 
data from a transmission line, a plurality of demod- 
ulators for demodulating signals having different 
modulation methods, a frame disassembling unit for 



performing frame synchronizing of a downward 
frame, for dividing the received data to each time 
slot, and for delivering the data to said data process- 
ing unit, and a third changeover switch for connect- 
s ing one of said plurality of demodulators to said 
frame disassembling unit. 

7. A data transmission method for performing data 
transmission from a center device to a plurality of 

10 terminal device using a frame at a given cycle, 
whereby said frame comprises a common unit to be 
received by all of the terminal devices and an indi- 
vidual unit to be received by a part of the terminal 
devices, and said common unit is transmitted by a 

15 first modulation method and said individual unit is 
transmitted by a second modulation method having 
higher number of transmittable bits per unit time 
than said first modulation method. 

20 8. A data transmission method according to claim 7, 
wherein said first modulation method is n/4 shift 
QPSK and said second modulation method is 16 
QAM. 

25 9. A data transmission method according to claim 7, 
wherein said first modulation method is 7c/4 shift 
QPSK and said second modulation method is 8 
PSK. 

30 10. A data transmission method according to claim 7. 
wherein symbol rate of said second modulation 
method Is made equal to symbol rate of said first 
modulation method. 

35 11. A data transmission method according to claim 10. 
wherein said first modulation method is n/4 shift 
QPSK and said second modulation method is 16 
QAM. 

40 12. A data transmission method according to claim 10, 
wherein said first modulation method is ti/4 shift 
QPSK and said second modulation method is 8 
PSK. 

45 13. A data communication system for communication 
between a center device and a plurality of terminal 
devices, whereby said center device forms a frame 
at a given cycle, said frame comprising a common 
unit to be received by all of the terminal devices so 

50 that data transmission is performed from said cent- 
er device to said temninal device and an individual 
unit to be received by a part of the terminal devices, 
said common unit is modulated by a first modulation 
method: said individual unit Is modulated by a sec- 

55 ond modulation method having higher number of 
transmittable bits per unit time than said first mod> 
ulation method, said part of the devices demodu- 
lates said common unit by a first demodulation 
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method corresponding to said first rrKxJulation 
method and demodulates said individual unit by a 
second demodulation method corresponding to 
said second demodulation method. 

5 

1 4. A center device in a data communication system for 
perfomning communication between a center de- 
vice and a plurality of terminal devices, whereby 
said center devices at least comprises a frame 
forming means for forming a frame at a given cycle, 
said frame containing a common unit to be received 
by all terminal devices so that data transmission can 
be performed from said center device to said termi- 
nal devices and an individual unit to be received by 

a part of the terminal devices, a first modulation is 
means for modulating said common unit by a first 
modulation method, and a second modulation 
means for modulating said individual unit by a sec- 
ond modulation method having higher number of 
transmittable bits per unit time than said first mod- 20 
ulation method. 

15. A terminal device in a data communication system 
for performing communication from a center device 

to a plurality of terminal devices, whereby said cent- 25 
er device forms a frame at a given cycle, said frame 
containing a common unit to be received by all ter- 
minal devices and an individual unit to be received 
by a part of the terminal devices, said common unit 
is modulated by a first modulation method, and said 30 
individual unit is modulated by a second modulation 
method having higher number of transmittable bits 
per unit time than said first modulation method, a 
terminal device in said part of the terminal device at 
least comprises a first demodulation means for de- 35 
modulating said common unit by a first demodula- 
tion method corresponding to said first modulation 
method, and a second demodulation means for de- 
modulating said individual unit by a second demod- 
ulation method corresponding to said second mod- 40 
ulation method. 
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